ART. 15]                     EXAMPLE 5, GRAPHIC ANALYSIS                            477

Line 0-4, for example, represents the direction of the chord in voussoir4, and
the thrust at the center of this voussoir is represented in magnitude and direc-
tion by a line from 0 to 16. This force, which is inclined to the center line of
the voussoir, may be resolved into a thrust 0-15 and a shear 15-16. The thrust
causes a shortening of the chord proportional to the length 0-15 times As/2.
The shear causes a deformation normal to the chord and proportional to
tt(15-16) As. t. If 15-17 is made n times 15-16, it will bear the same relation to
shear deflection that 0-15 bears to thrust deflection. Hence the line 0-17
multiplied by As, 't becomes a measure of combined shear and thrust deflection
in voussoir 4. Similar lines represent thrust-shear deflections in other vous-
soirs. When multiplied, each by its corresponding value of As t, these lines
may be added vectorially to give the total movement at the crown.

The shear line 15-16 may be scaled, multiplied by ??, and replatted as 15-17,
or it may be extended with proportional dividers.

Multiplication of the deflection rays is accomplished graphically, the scale
being reduced simultaneously to facilitate vectorial addition.

A pole distance is laid off from 0 to 20, using any convenient combination of
direction and length. Values of As, 't for all the voussoirs are platted on this
line to a convenient scale, each value being measured independently from
point 0. Let line 0-18 represent the deflection ray and 0-25 the value of As t
for voussoir 8 and draw 25-26 parallel to 20-18. If As t is platted to a scale of
1 in. = k units, (0-26) represents deflection to a scale of 1 in. = pk units, p
being the pole length (0-20) to the scale of the force polygon. In Fig. 19, p
and k are 375,000 and 0.8, respectively; hence the scale of 0-26 is 1 in. =
300,000 units. Other deflection rays are multiplied in the same way. The
foundation movement is determined from an additional ray at the abutment,
using the value of (G) from Table 5 in place of As. t. To get the direction of the
abutment deflection ray, the abutment shear line a-19 is multiplied by (H) (G)
(from Table 5) rather than by n as for other rays. For the present example this
ratio is 1.33. The line 0-27 represents (G), and 0-28 is the foundation move-
ment due to the arbitrary crown force and external loads.

The nine deflection vectors thus obtained are added by platting one after
another, beginning with 0-28 and proceeding through 29 along Curve A to
point 30.

Usually, the radial deflection due to the (F) term of Eq. 56 may be ignored;
otherwise its value may be computed, using the scaled value of the abutment
shear, and the result inserted as a right-angle offset in line A at point 28.

The horizontal and vertical components of Curve A are scaled and entered
as items 37 and 42 of Table 10, replacing items 46, 47, 48, 54, 55, 56, 57, 58,
and 61, 62, 63, 69, 70, 71, 72, 73 of Table 7.

(/) Moment functions. Deformations caused by the moments from external
loads are computed from the shears scaled from the force polygon of Fig. 19.
The scaled values of 1-9, 2-11, 3-13, etc., are recorded in column 6, Table 9.
If a shear curve using these values is platted on the developed arch axis line,
the value of ME at any point is the area under such curve from the crown to